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[57] Abstract: 

PURPOSE: To provide a new DNA useful for the production of L- lysine. 
CONSTITUTION: A gene DNA coding an aspartokinase (E.C.2.7. 2.4.) originated 
from coryneform group of bacteria, e.g. a gene DNA coding the aspartokinase 
expressed by the DNA base sequence of formula. It can be produced by cloning a 
microbial strain capable of producing aspartokinase.COPYRIGHT: (C)1993,JPO&Japio 

|51] Int'l Class: C12N01500 
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(57) 

[flfr&l /J/f/^f U ?A • 7 - 2 3 3 

MJ-2 3 3«c|i, L-U ^^O^ft^it^JLfco 



(E. C. 2. 7. 2. 4. ) £T3-K"t-£&£^DNA 0 

GTGGCCCTGG TCGTACAGAA ATATGGCGGT 
AACGTCGCTG AACGGATCGT TGCCACCAAG 
TCCGCAATGG CAGACACCAC GGATGAGCTT 
CCGOCAGCTC CTGAAATGGA TATGCTCCTG 
GTCGCCATGG CTATTGAGTC CCTGGGTCCA 
GGTGTGCTCA CCACCGAGCG TCACGGAAAC 
GTGCGTGAAG CACTCGATGA GGGCAAGATC 
AAGGAAACCC GCGATGTCAC CACGTTGCGT 
TTGGCAGCTG CTCTGAACGC TGATGTGTGT 
ACCGC7GACC CCCGCATCGT TCCTAATGCT 
ATGCTGGAAC TTGCTGCTGT TGGCTOCAAG 
CGTGCATTCA ATGTGCCACT TCGCGTACGC 
ATTGCCGGCT CTATGGAGCA TATTCCTGTG 
GACAAGTCCG AAGCCAAAGT AACCXJTTCTG 
AAGGTTTTOC CTGCGTTGGC TGATGCAGAA 
TCCTCTGTGG AAGACGGCAC CACCGACATC 
CGTGCGATGG AGATCTTGAA GAAGCTTCAG 
GACGACCAGG TCGGCAAAGT CTCCCTCGTG 
ACCGCAGAGT TCATGGAAGC TCTGCGCCAT 
TCTGACATCC GCATTTCCGT GCTGATCCGT 
CTGCATGAGC AGTTOCAGCT GGGCGGCGAA 
CGC 

-C^^tlST^^VVh^r^--— fef (E. C. 2. 7. 2. 4.) 
£ - Hi" 3 fefcl- DN A 0 

Ut2) vmzthZ>Txs*;uh*-r—e (e.c. 2.7. 

2.4.) £^-H-f**I&PDNA 0 

imxm 5 1 Bt^jg 1 - 4 <Dt >i* tiMc&&<Dm&* 
dn a t . ^y^suBart-caMJiJiWtt^siaaie^ 



7'* A (Brevibacteriiiin flavuro) MJ 2 3 

iE^Oif^DNAo 
118*53] ^DNAISE^'J 

TCCTCGCTTC AGAGTGCGGA ACGCATTAGA 60 

AAGGCTGGAA ATAATCTCGT GGTTGTCTGC 120 

CTACAACTTC CTGCCGCAGT GAATCCCGTT 180 

ACTGCTGGTG AGCCTATTTC TAACGCTCTC 240 

GAGGCTCAAT CTTTCACGGG TTCTCAGGCT 300 

CCACOCATTG TTGA7GTCAC TCCAGGTCGT 360 

TGCATTGTTG CTCGTTTCCA GGGTGTCAAT 420 

CGCGGTCGTT CTCATACCAC TGCAGTTGCA 480 

GAGATTTACT CAGATGTTGA CCGCGTGTAC 540 

CAGAAGCTGC AAAAGCTCAG CTTCGAAGAA 600 

ATTTTGGTGC TACGCAGTGT TGAATACGCT 660 

TCGTCTTATA GCAATGATOC CGGCACTTTG 720 

GAAGAAGCAG TCCTTACCGG TGTCGCAACC 780 

GGTATTTCCG ATAAGCCAGG CGAGGCTGCG 840 

ATCAACATTG ACATGGTTCT GCAGAACGTC 900 

ACGTTCACCT GCCCTCGCTC TGACGGACGC 960 

GTTCAGGGCA ACTGGACCAA TGTGCTTTAC 1020 

GGTGCGGGCA TGAAGTCTCA CCCAGGTGTT 1080 

GTCAACGTGA ACATCGAATT GATTTCCACC 1140 

GAAGATGATC TGGATGCTGC TGCACGTGCA 1200 

GACGAAGCCG TCGTTTATGC ACGCACCGCA 1260 

1263 

lo O O 1 i 
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(E.C. 2. 7. 2. 4.) K^6xB^^r^tf^ y 

10 0 0 3] 

[«*©«*] L-9 ^VOXfcWMaftfc* LT 

5 1-2 1 0 7 8 4#^BS 5 3-1 8 3 3 

2-8 6 9 29^««#M] . 
?L««:ffl^fc»5gtt<>!i**^T^6 [£f§B6g5 6-l 

6 09 9 7*^*. «fS§B86 0-6 2 9 9 4^*, ft 
BP86 2-7 9 7 8 8-&£4HMMR] . Ld>Ltt0S&. 

'&%mm £ ftT V > 5 £ J: 6 L - y v> > tOMitifc-C 

[0 0 0 4] — T^^/^f=¥^-^ (E. C. 2. 7. 
2.4.) * = <-VirZ>mfc*£ LTtt, x-yxytT- 
^y (Escherichia coli) S^iSfc^ [Journal of B 
iologicaJ Chemistry, 2 5 6 , pi 0228^pl0 
2 3 0, 1 9 8 1^1] WS£ftT^£ w tLlt. 

? 7 M>W&M&&*<DTX/</l>h V (E.C. 2. 

7.2.4.) t *<?frx • If-Tyw* (Bacillus 

subtilis) . ^y^^f^A-^v^^A (Cory 
neform glutamicum) ^ri*£D6;h/0 [Journal of Bi 
ological Chemistry, 2 6 2 , p8787-p879 
8, 1 9 8 7; Molecular Microbiology, _5, p 1 1 9 
7-pl 2 04, 1 9 9 1M], U»LW, ^ 
tf/<^T , y £A - yy/< A (Brevi bacterium flavum) 
fi^r^h^t-f (E. C. 2. 7. 2. 4.) £3 

- K+ 5 fcfc^fc ov *-c ft«*<o*£« jl 3 b ft v\ 

[0 0 0 5] 

*aM*fc*©7*>*A'h ! *--J-— £ (E.C. 2.7.2. 

4.) ^^-K-r^iS^^^t. ttae^-srraa-e 

[0006] 



[000 7] ri>< LT#!B0itcJ:fttf, 

(1) ^ n^i*^r^^>h^f^3- 

(2) K«firFDNA*5a|A$ixfc«Hft*^^^ 

K; 

(3) BEffl»^^7^5 K-C»fMB*$*bfc3y*S 

(4) »»JM5**ixfc=»y*aBilSSrfflv\ ^/v=i 

[0 0 0 8] J£Th\ *IS^{CoVNT$6(C^(c|ft^ 

looo9] *»^<d rT^/H**-*-— eta— k+ 
aae^DNAj *at. L-T^^^&iry >g$& 
#aD-re»*. -rft*>*>r^^h*+-* (e. c. 

2.7.2.4.) fra-Ki-Sa^DNA^g^ci-S^ 

[ooio] r^h*t- Ki-sae j f-* > 

fttrDNAK^ (BIT. rn$r rAfrttj fc«WM-5C 

l^^^r!) £A • 7 7/<A (Brevi bacterium flavu 
n) MJ233 (FERM BP-1497) *5£Xfi*<n 

[00 11] rnb^«««*±»A*e>A»ffl-€rJi«1- 

s AWfK-ft. jita^y^M^n, mk.u.-fuyf^T- 

!)^A»77^MJ-2 3 3 (FERM BP-14 
9 7) *<Dftfefr±^fl«EU % ^Sfefefl^jBSfclMfiR 
»*-C«Wfi-6 n tic * 0 5feT5«WrWrfr<o**^«JLT 

[0 0 12] 5fef> yi^Wf!; ?A - 
-2 3 3»©««^t,ftfe#DNA«:»liJt5. 
IfifftfrDN A«raS*«R»*. fllxtf E c o R I fcjfl 

[0 0 13] t^DNAl^^o--^^ 
— , ^^LffpHSG3 9 9 (^Si^S) JC^fAL. r<D 

-<^^-$r^v^r. rxy^h*t- ^aa-T-^SL 

(i^i'J t7 • =»y) MftCGSC507 

4 [^v-oi y tr • = y ^7*;^ • ^ h-y^ 

(Escherichia coli Genetic Stock Center) ^ x 

(Department of Biology, Yale University) ; P.O. B 
ox 6 6 6 6 New Haven, CT 0 6 5 1 1 -7 44, II. S. 



[0 0 14] ®bHZl&ltm»m£r)7'7X$ KDNA 

[0015] a»< LT»e*iSA»fK-**brcaa4«i 

TlHHfcft*** KfclPAU rox** 

[0 0 16] '&bilZ>MSm&{t£ KDNA 



[0 0 17] ^©J:5fcLT»6>»L5A»ffr«)-ott, 
Jlie^UeV^x y #A • - 2 3 3ft<£>& 

fe*DNA*ifi||R»*E coRl W^^»?ICJ:9§J*J 
Hi U $ 6lc*ix*r*dRBJ*N r u I "CSMH-* r <t (c 
J:ot^6M^$^l. 7 k bODNABW** 

[ooi8] roisi. 7 k b^r^^vuh^t- 
SBH l icfrj-. 

[00 1 9] 

[SI] 



Dra I 
Hinc II 
Hind III 



i 

2 
1 



4*1, *H*ffl*lc*5^T. WR»*l-J:-5 r&ttftfe 
Kfti n i % r if p - x y /i/«§t»»*5 J:ut5%#y:r^ 

y /ur * k^^««*»ic« u »r«4i&tf*)s* 

[0020] r§j»f»r^<o^^$j at*;/?** 

tt. xi/s y tT • ^>;07A^7r^ U phage) 
0>DNA£#Jffig#^H i n d III "C«»Ur#e>tL 

5 ftT-ftKftno d n a grtfco |gj— r # n - x y jl v<d 
/U7 5 K^MMbfrJIl^&ltefctt, xi/xUt7 

• 3|)<D77^ - xy^l 7 4 77-^ (0x174 
phage) ODNA^JPS^Ha e I 1 lT*§JKLt 
^£H6$HHt&&tf>DNA#r>i-(Dfp]— #y 7* ^ y 

frDNAfcrtfXte:/^*?; WDNAIr^t 

eDfc£tc:fct>T, l k b&±0ffi;t0>;fc$£(cov'T 
frftfflU #J0. 1 k bd>b 1 k b*fflO»f>t^t$ 

[0021] — ie^r/utT^^y . 77^ 

AM j -2 3 3<0jfe&#DNA&fflm$Nr u I — E 



1»*rWH-o*£;* 0b) 



0.2, 1.5 
0.3, 0.6> 0.7 
0.4, 1.2 



WTTTk bODNARfftffco^TIi, ^cO^SE^iJ^r 
KpUC 1 1 8£fcttpUC 1 1 9 <£fig 
») «Tffl^S^**V5«^u^K*#«fe (dideoxyc 
hain termination i£ x Sanger, F.et.al., Proc.Natl.A 
cad. Sci. USA, 7 4 , p5463, 1 9 7 7) iCiOft 

1.7 k bODNAtttfOlft££;i|<a;tf-— r/^y-v^ 

0, 4 2 1 S07^»«:3 - Kt5 1 2 6 3©*S^ 
[0 0 2 2] 

Hfc3] ±§BOitt*fijy«rS*-*-5^:5|l3gor^/^h 

= - K+SJte^fc^trDNAItfjm* 
<03 y4SMfltftfiM:DNA^&5HB$H^t><00^4 
*>1\ iittffl^c>Jx*DNA£'/££B> W^tf^*-* 

[00 2 3] B^i£fO$D< ^Hf/<^ T" y ^ A • 7 

7^MJ-2 3 3 0ftfe»DNAd»6Dt»SJxS** 
93cDDNABrJm, 7^/<^h^— tffra^-K-t-^a 

4S£#te<OJ6£ £ a* £ ^ T t > T t x < x ft 8JJI& $ nr 
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[0 0 2 4] Jm±IC#»Lfc*£$aS|&l. 7 k b(7)D 
[0 0 2 5] *&m<DT*'</l' b*-T— — Ki"5 

So 

[0 0 2 6] tLlt. *&W<DT*s*/i'h*i-—1f%='— 

mmmtm^ * a * * - * ~ 5 ~ 

[0 0 2 7] *»W<0AWf^'*«A'r6wfc*5-ct5 % 

-21018 4^il^t©y7^; KpCRY3 

0 ; ^^^2-2 7 6 5 7 5 4§-£tfR£lBtt4)7 r 7* 3 K 
PCRY21, pCRY2KE, pCRY2KX, pC 
RY31, P CRY3KEMpCRY3KX;^W 

1 - 1 9 1 6 8 6%r<&m^Mi<D*77X* KpCRY2 
&tfpCRY3 ; 4£BP8 5 8-6 7 6 7 

CO p AM 3 3 0 ; #§BBg 58-77895 ^ffiirfSffc 
WpHM 15 19; 4#B8Bg5 8-1 9 2 90 O^&fgtC 
ie®C0pAJ 6 5 5. p A J 6 1 1 RXf p A J 18 4 

4 ; ftrMBS5 7-1 34 5 0 0^C|2^Op CG 1 ; 4$ 
B3BS5 8-3 5 1 9 7 *4**U::82*<0 p C G 2 ; #MB8 

5 7- 1 8 3 7 9 9^fiCl2^pCG4MpCG 
1 l^lf$:i:m6o 

[0028] *T?t>3y*a*iii<D?f±— 

*><D^#£L<. ^7^^ KpCRY30, p 

CRY2K pCRY2KE > p C R Y 2KE 4 pCR 
Y2KX, pCRY3K P C R Y 3 K E&tfp C R Y 

[0 0 2 9] JiB??** K^^-pCRY3 0 £D8 

* (Brevi bacterium station is) IF012144 (F 
ERM BP-251 5) fab??** KpBY503 
{^(DzTy^x KOi£ffl(Cot>Ttt#§il¥l -9 5 7 8 

s^'An&m) DNAzmmu mmmxxho 1?* 

Se7-^trDNAMK-tr09UU, M^EcoR 
IteXXfKp n I -C*#£di#j2. 1 k b^^; K 



i"o :tlf)«^ L $:/7^^ KpHSG2 98 (Sjg 
£58) OEcoRK Kpn] a 1 I gfl&lc 

m&&tfZt\Z£*)^ ^^U^^-pCRYSO 

[0 0 3 0] ±.m7*yx$ Y<<9 9— ^<o*&m 
OA^<D?SAli, ^Jxtf;^* ^ K^*-*lc i<@ 

So 

[0 0 3 1] ^7^^; Kp CRY 3 0-MO;£3g91oc>A$r 
tfcO^Att, 7=7*% KpCRY3 0£fa]FEg|?{SEc o 

Ki-5Jt^$r^ODNA»r>r (A#rtf) £DNAy# 

[0 0 3 2] Z<K>& 5lCUT^$tt^7 P 7X$: KpC 
RY3 0IC^93O^^$^l. 7 k b^Alr^^ 
AL^M/^^^; Kit, L-y i^olfcgtcfrSlc 
iflv^:tmaM/7^$ K©-ot«>9, * 

&m&bnztlb7'7X* KpCRY30~AKt^ 
Lfc 0 7*7*% KpCRY30-AK(OM^» 

[0 0 3 3] C(OJ:5{curi6J«$*i5T^^/i^h^ 
v^T L - y s^fcS^fcSW j: < r <t 

ft So 

[0 0 3 4] *^f:j;6^7^^ K"CJBIHEi* L 5 <5 

f!l!)A.77/^MJ-2 3 3 (FERM BP-1 
4 9 7) , 7'U^fD!)A.77^MJ-233 
-AB-4 1 (FERM BP-1 498) „ -/istTs* 
^r!)^A.77^AMJ-2 3 3"ABT-l 1 (F 
ERM B P - 1 5 0 0) , yi/^T!) r>A-77 
^AMJ-233-ABD-21 (FERMBP-1 
4 9 9) ^^^Jf <b*L* e 

[0 0 3 5] JblScO F E RM BP- 1 4 980 

m&tx* ferm BP-i 49 Komft&mmt^x 

—^\m®L&®iX'hh 59-28398 
«SS3-4«#M) o FERM BP- 1 5 0 0 

<?)^tt. FERM BP-1 4 9 7«»i:L 
tL-a-7^^h7^7^ -7—- t^iR^X Jltt 
"C*)^) (^§3Bg6 2-5 1 9 9 8^«#fig) . $ h 
JC, FERM BP- 1 49 9««:FERM BP- 
1 4 9 7CDB^*£g#i; LfcD-o-7x /iif 7^ 
*»Ste3e*«-Cfc* (^MBg6 1 - 1 7 7 9 9 3 
^^#fig) . 
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[0 0 3 6] ~tib<n&£®)(n{&\z. ^i/e/<^fi)^ 

i\ • T y^^T^T, (Brevi bacterium aromoniagene 
s) ATCC6 8 7 L I^ATCC 1 3 7 4 5. I^AT 
CC 1 3 7 4 6 ; yi/Wr!i £A • f/<y*^A 

(Brevi bacterium divaricatum) ATCC1 4 020 ; 
yutf/<^X y £A • 7^ h77" P< (Brevibac 
terium lactofermentum) ATCC 1 3869 ; aJJ^ 
/<^T U £ A • ^ (Corynebacterium glutam 

icum) ATCC 3 1 8 3 1 »Srfi±»±fti: Ltffil^ 

[0 0 3 7] 

Mn^7^U'pBY502 (#B8BS6 3-3 6 7 

P BY5 0 2^t5ri:^U>o 

KpBYSOZ^r^-r^^&^LTIi. 0»Jx 

[Bact. Rev. 3_6 p. 36 1^4 0 5 (1 9 7 2) # 
$U o ±12^7 *SKpBY502 £ A&ftK&^r* 

<£> —ft £ & (D £ *3 9 "Cfc £ e 
[0 0 3 8] ^/U^/^f !i £A • 7 - 

2 3 3cD£W£^5££lc|fi§i-S«l£tf)T^ y v^*U 

(fc&: 0. 2-50/1 g/ml) t>L< 
^A7*n ^ K («£ : 0. 2-5 0 M g/m 1 ) 
ttWfil::, 1 m 1 ^Sifol 0ttJtefc/*aj;5fc«MU 
^W^^±m^L/i^P>^2 4Nf^3 5t:T»« 

§ K*fcUt»#feffV\ 7*7^;KpBY5 0 2^^ 

*vctr***«:aft-r 5o r^MM^lcJ:*)^^^^ KpB 

Y 5 0 27)^^^tl^yu^^7 i y *A • 7 
J -2 3 3***»di»e,tt6 0 

[00 3 9] coJ:9lcLtif>ix57'ub'/^r^ 

A . 7 7^UMJ - 2 3 3&&W&i^<Dml*Zzf7 * * K 

—T • #n h^7«COV^T^l6ixTV^<t [Calvi 
n, N. M. and Hanawalt, P.C. , Journal of Bacteriolog 
y. 1 7 0 , 2 7 9 6 (1 9 8 8) ; Ito, K. , Nishid 
a, T. and Izaki. K. , Agricultural and Biological C 
hemistry, 5 2 , 2 9 3 (1 9 8 8) ^jH] % DNAg 
M-^4>'<A'*KM [Satoh, Y. et al. , Journal of 
Industrial Microbiology, j^, 1 5 9 (1 990) # 

[0 0 4 0] ±m<Djj&X'&Wte&LT'&bftZTX/< 
trWA- 77/<AMJ-2 3 3 &&f*tf>i§||75&£ 

[0041] mmnmmwL mmm. mw&z&Gtsm 



tf^i/n— 

[0 0 4 2] Mr. a«at#, 

ftT^, 1)20-^4 Ot. »*U<tt»2 5t-«sj3 
5fc©iaflre»5w pHWt 5- 

10. »*L<tt 7- 8f*ifi*1-* ft** 

© P HsS&tt&XttT /P7> y £ExflO LTfT 0~k &X% 

6. 

[004 3] fcSBBte^O&ifcfcfcgWt, » * L< Wt 1 
~5^S% V t<«L2-3SS%-C*>6 0 £ 

fc, ttmfllHttMTl ~7 Bffl±1-ar£#"C£* §® 

[0044] z<o±i\cvxnbiizmmm*t>&*m 

KfWB + 5 c t & x $ z o 

[0 0 4 5] L-y^>^^J6^*5V^T«t, £*ie>*> 
[0 0 4 6] LA»Lr*»W^«X.tf, 

[oo47] yjvzi-* t Att&mwutxttWft&mm 

5 1: icfc v * xftte o r. t a> -c # 6 0 

[004 8] L - y 5;>«t«^.tf % 

ZZkfcXZZ. 
[0 04 9] 

immm &>±\z*&w&&mLx$itt>K te<oh* 
[oo5o] m&mi 

7*1/^^7!) • 77/UMJ - 2 3 3fiJfcOT^ 
(A^rK*) O^p-Wb 

(A) 7*U^^7!) ft A ■ 7 7^<AMJ - 2 3 3(0 
^DNAOjaai 
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*&tfLm&Amm m&:mm2g. (nh 4 ) 2 so 4 7 

g, K 2 HP0 4 0.5g, KH 2 P0 4 0. 5g x MgS 
0 4 0.5g, FeS0 4 * 7H z O 6 m g „ Mn S0 4 
4-6H z O 6mg, H#^**2. 5 g, #U^/gfc 

5 g , w>2oo M , Mfr-;y2oo/zg, 

^;U3-^2 o g, l] i 1 Id, :/wtV<^ 

!l«)iH«75/UMJ-2 3 3 (FERMBP-14 
9 7) ^il^itT^t, &ft£&tf>fc. % 
btltzmftZ lOmg/ml Ofc&lC!) 5/*- A$r£tf 
1 0 mM N a C 1 - 2 0 mM h U ( p H 8 . 

0) - 1 mM EDTA-2Na^l5mli:i®l 

i ictezxoizmQU 3 7t:-ei^n«fflbfc. £<b 

£ K^V/Mttfc-J- h y **£®&»&^0. 5%tc*£ 
#81 (5, OOOXg, 2 0#Bd> 1 0-1 2X:) U 

it 0 H^fcDNAlCl OmMhM« (pH7. 
5) - I mM EDTA • 2NaM5m 1 ^rJtlOX., 4 

100 5 1] (B) m*M*<D»K 
±15 (A) ^A-77/<AMJ 
- 2 3 3 (OiDN A|§?£<0 90jil ir^JPSiHR E c o R 
I 50units£/flV\ 3 7t:-?lMHHKJ&£'&%£# 
#Lfc 0 :WEcoRI^DNAlI^n-^y^ 
^pHSG 3 99 <r»JK»*Ec 

o r i -c§«»Lfc*, m >mt%mi,izi><Dzm& 

U 5 0 mM h y ^ttSftt (pH7.6) , 10 mM ^ 

1 mM ATP, lOmMMgCl 
2 St/T 4 DNAy if— t?limit<0#tf»*»!lDL (£ 
*#<0»gli§»»g-e*>*) , 4t:-ci 5#MRJS$ 

[0 0 5 2] (C) T*/*JV gfra-: K-fa 

SKAflctt, ytr-^ycGsc 5074 

(thr A1101, lys C1001, met L 

1000) -vh* [ ( ) rt«r;*A^h*-f--«a£ 

^ (Genotype) fc^f] » ±12 (B) 
7*^ K&KfcJflV\ «ft*A/S/*At6 (Journalof Mo 
lecular Biology, 5 3 , 1 5 9, 1 9 7 0) (C<fc»)fu! 
Bx'/i y t7o'JCGSC50 7 4&L£teE&# 
U ^D7A7i-3-/U5 0mg^tfITO% [K 
2 HP0 4 7g, KH 2 P0 4 2g, (NH 4 ) 2 S0 4 1 



g. Mg S0 4 - 7H 2 6 O.lg, ^U3-7 2 0 g& 

[0 0 5 3] r<o»ift±o*W«Sr*«felJ:J:9»*«» 
U KDNA^ttttU mzfyxZ 

fflv^il^fci:;^, 7°7^ S KpHSG3 9 9^1$ 
2.2 k b<ODNA|§f>i-«CJn^, H£&3. 8 k bW^A 
DNA«#jWRi6&*l,fc Q 

[0 0 5 4] #77* 5 K^pHSG 3 9 9-AK£<& 

[0 0 5 5] (D) 7*/</v gfra — Kj~6 

»e^»^tfDNABrfr (A) W^O»^P-=:>^ 
±12 (C) JSTi§fc:/7*^ KpHSG 3 9 9-AKiC 

&1tMZ, 7*7^U'pUC119 9 mi£) 

[0 0 5 6] ±» (C) mVfflZ^yXS KpHSG3 
9 9-AK£#JP£&iSE coRK N r u 1 Vtymisti 
b<D£ s 7*7^^ KpUCl 1 9£#JK§*iHE c o R 
I> Sma It^Lfct^^U 50mMh^ 
ttSrTff (pH7. 6) , 1 OraMm^W I — A\ 
ImM ATP. 10mMMgCl 2 ^T4DNAy 
limit ^SsfiOL (*rit»w»««JI;ll* 

ft* 

[0 0 5 7] ftt>ti1t7yA$ K»««rffit\ «{fc*^ 
v-^Aft (Journal of Molecular Biology, 5 3 , 1 5 

9, i 9 7 o) ictofitriB^v^y tr • a y cg sc 

5 0 74-KftgfNBMU T>^>y>50mg«r§tr 
3K«ifi [K 2 HP0 4 7g, KH 2 P0 4 2g. (NH 
4 ) 2 S0 4 1 g, Mg S0 4 - 7H z O 0. 1 g s 
-X 2 0 g fttf*^ 1 6 g 1 1 fcfctf] 

Viz* 

[0058] z(omm±(om^^nmicx 

U ^i^O^^U'DNA^ftHJU ^^7^^ 
K£fflRBNfcKJ:*£)«U 7#p-*yA^£tficifr£ 
Jflv*TW*<fc*r5* /7^5 KpUCll 9<D^£ 
3. 2 kb(ODNA»rWt Jt3ttl. 7 k b<7>SA 
DNAffitftfSa&fifc. *«©WKT-««Lfcfc* 

jtsm. 7 k btDDNAmfrnfflmmmmmmL 

*>o^ 0 riODNAW^IBIIRS^Wf^ifiiaSrBlIC 
[0059] *fc±ffi-e«fc^7 ^ ^ KMUMMI 

TI2c0^2»i^. 
[0 0 6 0] 
[^2] 
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£2 ^X^HpUCl 1 9-AK 



i 

2 
2 



K£ P U 



BamH 1 

Bgl 11 
Hiod III 

Cl 1 9-AK£fft£L*: 0 

[0 0 6 1] ^±{cJ:»?r^^/uh^f^-if^=3-Ki- 
Z&fc**^trX££i>mi. 7 k b<ODNA»r^ (E 
c oR I -BamH I $rtf ) Z t tz a 

[0 0 6 2] mi&W2 



m 

mmmi(D (d) m-?nbtitzTx/*;isi*i— 

— K+**e-T-*r*tr»4^*i- 7 k b^DNABrfr 

iCOVMT. *<D&g£3?lJ£7'7*S KpUCl 1 8££ 

ttpuci i 9 (^fgisw &m**&*J?**i'x?i> 

3r^~ K§£^i£ (dideoxy chain termination ^) (Sahg 
er, F. et al. , Proc. Nat. Acad. Sci. USA 7 4 , 5 4 6 
3, 1 9 7 7) JC.fc*>B2lC^Lfc«l»HlC«oTfc* 

[00 6 3] ^r^SE^J+^-y^ y — -f ^7 

[0 0 6 4] 
Ut4] 

RY3 0<£>ffr& 

(a) /7^-; k p b y 5 o 3<oggg 

7?*% KpBY50 3«, ^H^/^r^^-^^ 
ft-^IF012 144 (FERM BP-251 

5) frbftmztiitft+mfoi o^^hy^^ 

^ KTfo 0 . te&B 5 ? 1-9 5 7 8 5 ^$BK12^<D J: 3 
KLTSIKLfc. ¥^*»*A*Jft H»2 gl (NH 
4 ) 2 S0 4 7 g, K 2 HP0 4 0. 5 g> KH 2 P0 4 0. 
5g> Mg S0 4 0.5g, F e S0 4 • 7H z O 6m 
g. Mn S0 4 • 4-6H 2 0 6 m g. WMk=-*tX2. 5 

g. #if ^y^5 g . 0 g, m&^r^ 

^200 M g, ^^~*2 0g&tf^@7kl 1] 1 1 

^nf/<^fy ?a . i fo i 2 i 4 

1 Omg/m I <Z>g&Ky :/?>-- A&5tftt» 
9c [2 5mM h li ^ (t Kn^fA^) T x S f # 
lOmMWEDTA, 5 0mM^^-7] 2 0m 



10SrKtf<O*33 (kb) 



4.9 

4.2, 0.6 

as, 1.2 



1CMU 3 7^1IW$*t sftKfcr^ 

^U-SDSi [0. 2N NaOH, 1% (W/V) S 
DS] 40mlMU ^^(CZSfpLX^fi^r 1 

[5M^y^M6 0mK #6*1 1.5ml, 
^@7K2 8. 5m 1 <0^?$] 3 0ml»U %to 

[00 65] ^H^^SSra^JCgt U 4 1 0 # 

J^. i 5, o o o x g 0a<L>5MKca><*« 

[0 0 6 6] rttlC^gO^a:/— ;l/-^np^Mj^ 

JB'MffcJiPU *fiT"C5$»Hk 15,00 
Ox gOiS^5M*K:*>Jt, zkJI&E&L*:* */§(C2{g 

S(D^^/-/v^x., -zottiw^fi, 4t: 

"Cl 0#P B ^ 1 5,00 0 X g o3S^»»CA^ % 2t« 

[0 0 6 7] ttiRSr^E^S. TEH»«« O y * 1 
OmM. EDTA 1 mM ; H C I l£X p H 8 . 0 Clfl 

m 2m\\mmLtz a mmmx.m<t± is 

fefc&<OT El&ffiWi 1 0 0m 1 iCl:£>ffcirv">A 1 7 0 g 

lSmlMOmg/ml^^ 
•fuvj KWKlml £»I;LT, 3 92g/ 

m 1 l££t>&fc. w«)»fBr«r 1 21CT4 2B#Hk 1 1 
6 . 0 0 0 X g <03S£y&«£fTO fc. 
[0 0 6 8] -7?*% KpBYSOSttK^WIMItlcJ: 

^ K «rft»»-C3t^»oilIfl5d»?,tfet £ * r t J: 9 > 
7-7X>K P BY503 «r*tf#i5»&#fc 0 

[0 0 6 9] *v^t?r.<o5>®tt*Hfi(o^yr*/i'TA' 

='-/V-e4[Hl^SLT^f 1 v ? ^A^n^>r k&mui$£ 

b Id VX'&bthtzzf? * S K p B Y 5 0 3 &^tfS$f» 
3 bV> 3 0mMi:^L 

fc 0 r (?D®|$$r 1 5, 0 0 0 x g 0A&fMKM*TD 
NA^itK^^:. >^7><^ KpBY503$r50/igf 

fro 

[00 70] (B) rfy^x Y*<$ $ — pCRY30 

7-7^^KpHSG2 98 (£iS£H) 0. 5|*g«CS5 
PS^Sa 1 I (Sunits) & 3 7 1: 1 B£fBJ5[JS ^ -fr % 
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[0 0 7 1] (A) m^mVit7y*% KpBY 

503(?)2/igi:^W^Xho] (lunit) £3 7t: 
T30#BIRl£3-e\ ^7^^KDNA^^))?L 
fc 0 PS*©:/?** KDNA^^t, WB»m 

&&mmm*<Df8.ft&&mmmt lx&* somM 

M)^iWpH7.6, 10mMMgCl 2 . 10m 
MS?W^I/-f h-/U t ImM ATPMT4 DN A 

y#— ^lunit ic/j:5J:9ic^^^fbL. i6t 

=>y jmi o 9 3 vex > K-t/L- (£*gx£J3) Zj&gfc 

[0 0 7 2] Jg!t£ft&tt3 0*i g/ml 
O^WW, lOO^ig/ml IP 
TG (4 y^o tVu-fl-D-^-;^^ hfyy is 
K) 100/ig/ml (AUSft) COX-gal (5- 

Mf^ys/K) firfttrL«)t ( HJ r/bvi 0 g> ttft 

^5g 4 NaCl 5g&tfsfc@7kl K pH7. 
2) T*3 7 < ClCT2 4l$feTO3lU LTWfcix 

U ^/7^^ Kfc7AoGr!J-SDSifc 
[T. Maniatis, E. F. Fritsch, J. Sambrook, "Molecular 
cloning* (1 9 8 2) P 90-9lW K«fc!)J*ffi 
Lit. 

[0 0 7 3] *0>JB*. ^7^^ KpHSG2 98WS 
a 1 ISWfifc/vJfc'.KpBY 5 0 3 A&4>ftj4. 0 k 
bOmft&ftAZtltiiyyXZ KpHSG2 98-or 

i dSft&ftfc, 

[0074] mzmm<Di?m&m\>\ me (a) ji-c» 

*>h,fc:/7*$ KpBY5 0 3DNA5rWiKpn 
IMEc o R I lCT»JiLT»e>ih,3f&2. lkbO 

DNA»rtt$:±e^*$ KpHSG2 98-or \ <D 

Kp n I&tfE c o R I (Mfcfc^n— si^U ^7* 

5 K^^-pCRY30$ri!BlU o 
[00 7 5] gSftflU 

7y*% KpCRY30-A K<Pf£/&&t/^ y 

HigflJl <D (C) *&X'%hMz77*% KpHSG 3 9 
9-AK 5n zZWmmmEc oRI-Nr u l££ 

Sunits fflt\ 3 7t;-o l i*fiBRJ&Si£5W*Ui:fc(D 

BamH I (SfisSJ: 9 *JR) 1 m 1 trft 

£>U 50mMhV*®mWl (pH7.6) % lOmM 
H^, ImM ATP, lOmMMgC 
1 z #£XfT4 DNA I) if — H 1 unit 4>4-/K#&flttD 



[00 76] :^)DNAM^BamHI 3units 
£#l>3 7 t C-ClKf|!9^$*5>^b/tt>Oi:> 
^30 (B) rae>tlfc/7^^ KpCRY3 0 1 
u g£f&H$B$^B a mH I lunit 3 7t"Cl 

'&im (pH7.6) % lOmM^f^W K/K 1 
mM ATP, 1 OmM MgC 1 z &£TfT 4 DNA 
y#~tf lunit <&*rt#**»IL (*ft»<D»*tt:ft 

/to :©7*7^um^ it^ttwev^WE^S' 
xytr-3ycGsc5 07 4»«:»aii»u 

^^SOM/ml 4r*tra««» [K 2 hpo 4 

7g, KH 2 P0 4 2 g, (NH 4 ) 2 S0 4 lg.MgS 
0 4 - 7H 2 O0. 1 g, 0 gMf^l 6 

[0077] :«««±ot«tli*»tticj; 9KftJft* 

ffl^TH^fci:^ /7^;KpCRY30^f$ 
8. 6kb(ODNA»rfr{:M, 7kbOfA 
DNAWr^^btifc. 

[0 0 7 8] ±12<0jtn<W»$nfcy7^S KDNA 

[0 0 7 9] JHtlEMtt* MA'<fi'xm*X^T*e>k 

[0080] y £A • 77/^MJ — 2 3 

3 ( F ERM BP-1 4 9 7) ^^KpBYSO 
2Bfc*t*fc 10 0ml <OttSA*i6-C»*Ji*tDJ»*"C 
J8*U -<^^>y >G&\ Y/m 1 tdft* J: 5l£ 

aa&DLT. ^i:2^IS«iU »'L^»^i9S 
*£*a^ »2 0mI^xM (2 7 2mM 

Sucrose, 7mMKH 2 P0 4 , lmMMgCl 2 ;p 

H7.4) *fcKtf#*»fr#«L-c* 

5m 1 ^/W-Xffi»jftK:!g»U 0. 7 5mlOiSB 
JSt. W8EtM»&*ifc:/?*3 KDNAM5 0 a 1 <t 
SrS^U *«t»K:T2 0»BMtfc o ^y/^f- 
(^*9K4h>0 *:JH^t\ 2 500^/Uh, 2 5/i 
FD(C&£U ^/V^^r^^^{c2 05>P^@U 
fc 0 ±S$r3m 1 ©HfjfaAJgifclc^L 3 O'tlCT l^M 
*t7>f^l5pg/ml £S 
tf B^iS A3»^J& iftfcttai L301CT2-3B PtfigH L 

(A) «ICS£8©JftM^t7*7^^ Kfcftfc. ^co 

*«rj||ftLfc. ^O^$r>£co^3ic^-t- 0 
[008 1] 
[^3] 
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S3 :/5X£FpCRY3 0-AK 







3 00)) 


EcoRI 
BanHJ 


2 
1 


8.6, 1.7 
10.4 



Y3 0-AK<b^£L*: o 

10 0 8 2] fc*5, 7^7^^ KpCRY3 0-AKKJ: 

3 3-AKI1 < rfr JtC 1 T § l#3^Ii 

^^^xm^i9F^rl^ W3¥12^16B 
W"C : tlOTtFSl 2 6 58f (PERM P-12 
6 58) i: LT3?f££ixTl^ 0 
[0 0 8 3] Hifeffl5 
^7^U*pCRY3 0-AK(D^lt 
lftlE<£>AJgifil 00ral§:500ml 

1 2 O^-Cl 5^^fe®t^^iOlC, HJg 

J 2 3 3-AK^IU 3 0tlCt2 4^I^i 
£frofc3L TOat^lfcA«10 0ml§:5 
OOmlSE^77^3|:^U 12 0t-C15M 
ftJMLfct>0>K: % 1 m 1 5 Ocells Of^lC/jrS 

J:5K:«BIU 3 0t:fcT2 4l$W!g««£fir 

^>Zx£l 5 u g/m I COHiJ-a-C^SOLfcA^^R^ 

[0 0 8 4] ^mmtexxf mm* 

[00 8 5] 6 



i^ife «i0.4%, 5£&T>*~£^ 1 . 4%, KH 2 
P0 4 0.0 5%. K 2 HP0 4 0.0 5%, Mg S0 4 • 
7H 2 0 0.0 5%, C a C 1 2 • 2H 2 0 2 p pro, F 
eS0 4 - 7H z O 2ppm, Mn S0 4 • 4-6H 2 0 
2ppra, ZnS0 4 - 7 H z O 2ppm ( N a C I 2 
pprru W>200yg/1, fT^-HCl 
1 00 |i g/K TJiF^V&O. 1%. 0. 1 

%) 10 0ml5r5 0 0ml^77^^l:M, « 
1 (JSIipH7.0) Lfc^yutT/^ry *A - 7 
(Brcvibacterium flavum) M] 2 3 3-AK 
(FERM P-1 26 5 8^) £|g&U 
/V3-7$r5 g/ 1 (OmmKteZ £ 9lCflD;^ 3 OtH 
T2BIBffi»J«£fTofc 0 



7V^!)A2.3%, KH 2 PO 4 0.0 5% 4 K 2 HP 
0 4 0. 0 5%, Mg S0 4 - 7H 2 0 0. 0 5%, F e 
S0 4 - 7H 2 0 2 0 p pm. MnS0 4 - 4-6H 2 0 
20ppm, 2 00<ig/I x n^-HC 

i i oo u g/i , y&o. 3%, m&^*x 

0.3%) C01000ml$r21 #aSlliH*lf ^tta& 

&m (i 20^, 20$®) mmmm%m<D2 

0m 1 £ffc*DL"C. Ih]£» 1 OOOrpm, ii^Sl v 
vm, flj3 3t, pH7. 6ICT 24^^HSrn<> 

[0087] 500ml A>P>jS4j># 

m [ (NH 4 ) 2 S0 4 2g/l ; KH 2 P0 4 0. 5 g/ 
1 ; KH 2 P0 4 0.5 g/l ;MgS0 4 - 7 H z O 0. 
5g/l ; F e S0 4 • 7 H 2 0 20ppm;MnSO 4 
• 4 ~ 6 H 2 0 20ppm;f7; 1 0 0 n g 

/ 1 ; pH7.6] 01000ml fcMffift. 

5:2 1 ®m%&*mtZ{±&^ ^-^9g»L 

Tk (H]&$fr3 OOrpm, ii^fiO. 1 v v nu fgJ^3 
3t:, pH7. 61CT2 4 8$PJ]&j££fTofc ft 
[0 0 8 8] Rtt;»7«, UOOOrpnu 

15M 4t:) KT&3^fc±i&«*<DL-y^>'£ 

tilt l»iSf»oL-y^>4*itt t 
i.5g/i rfcofc* 

[0 0 8 9] :^l*TMi^5 0 0ml Sr. & 

!!^><rft*d^ Tkftft, 0. 5NT>-^~T7kT-& 

L-y^vo3Bfi«:«a$*fc. 4 0 0mg 

[0 0 9 0] ttlfcfll^LT, ^mo&#tCT, :/ 

£A • 7 7^ (Brevibacterium flavu 
d) MJ-233 (FERM BP-1497) 

«:0.6g/lT$>ofc e 
[009 1] 
IIL5) 

[®S(Df95¥^l».^] 

[01] *M«7^/>> h=^t-f $r^- KtSiS^ 

d n AmK<nmm&mz z&mm&im* 

10 2] 7 k bO^^DNA0r>r^ 
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SE#l*£eofc«><BW&H 0 Ut 2^1] 

Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Clu Ser Ala 

15 10 15 

Glu Arg He Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

Glu Met Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 
65 70 75 80 

Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

He Val Asp Val Thr Pro Gly Arg Val Arg Clu Ala Leu Asp Glu Gly 

115 120 125 

Lys He Cys lie Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 
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Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Va] 

165 170 175 

Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

Leu Glu Lys Leu Ser Phe Glu Glu Het Leu Glu Leu Ala Ala Val Gly 

190 195 200 

Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

He Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 

255 260 265 

Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

Ala Glu lie Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 
300 305 310 315 

1^2^03] 
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« 



Arg Ala Met Ciu He Leu Lys Lys Leu Gin Val. Cln Cly Asn Trp Thr 



320 



325 



330 



Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 



335 



340 



345 



Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Clu Ala Leu 



350 



355 



360 



Arg Asp Val Asn Val Asn lie Glu Leu He Ser Thr Ser Glu He Arg 



365 



370 



375 



lie Ser Val Leu He Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 



380 



385 



390 



400 



Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 



405 



410 



415 



Ala Gly Thr Gly Arg 
420 
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dew 

GTC GCC CTC CTC CTA CAG AAA TAT GGC GGT TCC TCG CTT GAG ACT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC AH AGA AAC GTC GCT CAA CGG ATC CTT CCC ACC AAG AAG CCT 
Glu Arg lie Arg Asn Val Ala Glu Arg lie Val Ala Thr Lys Lys Ala 

20 25 30 

GGA AAT AAT GTC GTC CTT GTC TGC TCC CCA ATG GGA GAC ACC ACG GAT 

Gly Asn Asn Val Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAG CTT CTA CAA CTT GCT GCG CCA GTC AAT CCC GTT CCG CCA GCT CGT 
Glu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

CAA ATG CAT ATG CTC CTG ACT GCT GGT GAG CGT ATT TCT AAC GCT CTC 

Glu Bet Asp Met Leu Leu Thr Ala Gly Glu Arg lie Ser Asn Ala Leu 

65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GGT GCA GAC GCT CAA TCT TTC ACG 

Val Ala Met Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

CGT TCT CAC GCT CGT CTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 

3^(02) 



« 



Gly Ser Gin Ala Gly ?al Leu Thr Thr Clu Arg His Gly Asn Ala Arg 

1 00 105 1 10 

ATT CTT GAT GTC ACT CCA GGT CGT GTG CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAC ATC TGC ATT GTT GCT GGT TTC CAG CGT GTC AAT AAG GAA ACC CGC 
Lys He Cys He Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu He Tyr Ser Asp Val 

165 170 175 

CAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg He Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 

[ft;3-e<D3] 
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lit. 



I^u Clu Lys Leu Ser Phe Clu Clu Met Leu Glu Leu Ala Ala Val Gly 



190 



195 



200 



TCC AAG ATT TTG GTG CTA CGC AGT GTT GAA TAC OCT CGT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 



205 



210 



215 



GTG CCA CTT CGC CTA CGC TCC TCT TAT AGC AAT CAT CCC CGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 



220 



225 



230 



235 



ATT GCC CGC TCT ATG GAG CAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
He Ala Gly Ser Met Glu Asp lie Pro Val Glu Glu Ala Val Leu Thr 



240 



245 



250 



GGT GTC GCA ACC GAC AAG TCC GAA GCC AAA CTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 



265 



260 



265 



TCC GAT AAG CCA GGC GAG GCT GCC AAG GTT TTC CGT GCC TTG CCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 



270 



275 



280 



GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu lie Asn He Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 



285 



290 



295 
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GAC GGC ACC ACC CAC ATC ACG TTC ACC TCC CCT CGC TCT CAC GGA CGC 
Asp Gly Thr Thr Asp He Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 



300 



305 



310 



315 



CCT GCG ATC GAG ATC TTG AAG AAG CTT CAC GTT CAG GGC AAC TGG ACC 
Arg Ala Set Glu He Leu Lys Lys Leu Gin Val Cln Gly Asn Trp Thr 



320 



325 



330 



AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT CCG 
Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 



335 



340 



345 



CCC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Het Clu Ala Leu 



350 



355 



360 



CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu lie Ser Thr Ser Glu lie Arg 



365 



370 



375 



ATT TCC CTG CTG ATC CGT GAA CAT GAT CTG GAT GCT GCT GCA OCT GCA 
He Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 



380 



385 



390 



400 



CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA CAC GAA GCC CTC GTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 



405 



410 



415 



GCA GGC ACC GGA CCC 
Ala Gly Thr Gly Arg 



420 
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GTC GCC CTG CTC CTA CAG AAA TAT CGC GCT TCC TCG CTT GAG ACT CCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Clu Ser Ala 

1 5 10 15 

GAA CGC ATT AGA AAC GTC GCT GAA CGG ATC GTT GCC ACC AAC AAC GCT 
Glu Arg He Arg Asn Val Ala Clu Arg He Val Ala Thr Lys Lys Ala 

20 25 30 

GCA AAT AAT GTC CTG GTT GTC TGC TCC GCA ATG GGA GAC ACC ACG GAT 
Gly Asn Asn Val Val Val Val Cys Ser Ala Bet Gly Asp Thr Thr Asp 

35 40 45 

CAG CTT CTA GAA CTT GCT GCC GCA GIG AAT CCC GTT CCG CCA GCT CGT 
Clu Leu Leu Clu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

CAA ATG CAT ATC CTC CTG ACT GCT CGT GAG CGT ATT TCT AAC GCT CTC 
Clu Met Asp Net Leu Leu Thr Ala Gly Glu Arg lie Ser Asn Ala Leu 
65 70 75 80 

GTC GCC ATG GCT ATT GAG TCC CTG GCT GCA CAG GCT CAA TCT TTC ACG 
Val Ala Met Ala He Glu Ser Leu Gly Ala Clu Ala Gin Ser Phe Thr 

85 90 95 

CGT TCT CAG GCT GCT GTG CTC ACC ACC GAG CGT CAC GGA AAC GCA CGC 
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Gly Ser Gin Ala Gly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 1 10 

ATT GTT GAT GTC ACT CCA GGT CGT GTC CGT GAA GCA CTC GAT GAG GGC 
He Val Asp Val Thr Pro Gly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TGC ATT GTT GCT GGT TTC CAG GGT GTC AAT AAG GAA ACC CGC 
Lys He Cys lie Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

CAT GTC ACC ACC TTG GGT CGC GGT GGT TCT GAT ACC ACT CCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 

145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT CAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATC CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 
190 195 200 

Ut4*<03] 
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TCC AAG ATI TTG CTC CTA CGC ACT GTT CAA TAC OCT CCT GCA TTC AAT 
Ser Lys lie Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

G7C CCA CTT CGC CTA CGC TCG TCT TAT ACC AAT GAT CCC CGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 

ATT GCC GCC TCT ATG GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
lie Ala Gly Ser Met Glu Asp He Pro Val Glu Glu Ala Val Leu Thr 

240 245 250 

CCT GTC GCA ACC GAC AAG TCC GAA GCC AAA CTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly lie 

255 260 265 

TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CCT GCC TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 

270 275 280 

GCA GAA ATC AAC ATT GAC ATG GTT CTG CAG AAC GTC TCC TCT GTG GAA 
Ala Glu lie Asn lie Asp Set Val Leu Gin Asn Val Ser Ser Val Glu 

285 290 295 

GAC GCC ACC ACC GAC ATC ACG TTC ACC TGC CCT CGC TCT GAC GGA CGC 
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Asp Gly Thr Thr Asp lie Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 

300 305 310 315 

OGT GCG ATG GAG ATC TTG AAG AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala Met Glu He Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 

320 325 330 

AAT GTG CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
Asn Val Leu Tyr Asp Asp Gin Yal Gly Lys Val Ser Leu Yal Gly Ala 

335 340 345 

GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA OCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Met Glu Ala Leu 

350 355 360 

CGC GAT GTC AAC GTG AAC ATC GAA TTG ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Yal Asn Val Asn He Glu Leu He Ser Thr Ser Glu lie Arg 

365 370 375 

ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT GCA CGT GCA 
lie Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 
380 385 390 400 

CTC CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Glu Gin Phe Gin Leu Gly Gly Glu Asp Glu Ala Val Val Tyr 

405 410 415 

GCA CGC ACC CCA CGC 
Ala Gly Thr Gly Arg 
420 
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: 1263 

5i5ii<og} •. nm. 

E?"J©fil3® : Genomic DNA 

: HJ233 

12^- : peptide 
: 1-1263 

: P 

BE?|J 

GTG GCC CTG GTC GTA CAG AAA TAT GGC GGT TCC TCG CTT GAG AGT GCG 
Val Ala Leu Val Val Gin Lys Tyr Gly Gly Ser Ser Leu Glu Ser Ala 

15 10 15 

GAA CGC ATT AGA AAC CTC GCT CAA CGG ATC GTT GCC ACC AAG AAG GCT 
Glu Arg He Arg Asn Val Ala Glu Arg lie Val Aia Thr Lys Lys Ala 

20 Z5 30 

[{b5-t«>2] 
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CCA AAT AAT GTC CTC GTT GTC 7CC TCC CCA ATG CCA GAC ACC ACG CAT 
CLy Asn Asn Yal Val Val Val Cys Ser Ala Met Gly Asp Thr Thr Asp 

35 40 45 

GAC CTT CTA GAA CTT GCT GCC GCA GTG AAT CCC GTT OCG CCA GCT CGT 
Clu Leu Leu Glu Leu Ala Ala Ala Val Asn Pro Val Pro Pro Ala Arg 

50 55 60 

GAA ATG GAT ATG CTC CTG ACT GCT CGT GAC CGT ATT TCT AAC GCT CTC 
Glu Het Asp Met Leu Leu Thr Ala Gly Glu Arg He Ser Asn Ala Leu 

65 70 75 80 

GTC CCC ATG GCT ATT GAG TCC CTG GGT CCA GAG GCT CAA TCT TTC ACG 
Val Ala Net Ala He Glu Ser Leu Gly Ala Glu Ala Gin Ser Phe Thr 

85 90 95 

GGT TCT CAG GCT GGT GTG CTC ACC ACC GAG CGT CAC GCA AAC GCA CCC 
Gly Ser Gin Ala Cly Val Leu Thr Thr Glu Arg His Gly Asn Ala Arg 

100 105 110 

ATT GTT GAT GTC ACT CCA CGT CGT GTG CGT GAA GCA CTC CAT GAG GCC 
He Val Asp Val Thr Pro Cly Arg Val Arg Glu Ala Leu Asp Glu Gly 

115 120 125 

AAG ATC TCC ATT GTT GCT GGT TTC CAC GGT CTC AAT AAC GAA ACC CGC 

Ut5i(D3] 



-23- 



Lys lie Cys lie Val Ala Gly Phe Gin Gly Val Asn Lys Glu Thr Arg 

130 135 140 

GAT GTC ACC ACG TTG GGT CGC GGT GGT TCT GAT ACC ACT GCA GTT GCA 
Asp Val Thr Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr Ala Val Ala 
145 150 155 160 

TTG GCA GCT GCT CTG AAC GCT GAT GTG TGT GAG ATT TAC TCA GAT GTT 
Leu Ala Ala Ala Leu Asn Ala Asp Val Cys Glu lie Tyr Ser Asp Val 

165 170 175 

GAC GGC GTG TAC ACC GCT GAC CCG CGC ATC GTT CCT AAT GCT CAG AAG 
Asp Gly Val Tyr Thr Ala Asp Pro Arg lie Val Pro Asn Ala Gin Lys 

175 180 185 

CTG GAA AAG CTC AGC TTC GAA GAA ATG CTG GAA CTT GCT GCT GTT GGC 
Leu Glu Lys Leu Ser Phe Glu Glu Met Leu Glu Leu Ala Ala Val Gly 

190 195 200 

TCC AAG AH TTG GTG CTA CGC AGT GTT GAA TAC GCT CGT GCA TTC AAT 
Ser Lys He Leu Val Leu Arg Ser Val Glu Tyr Ala Arg Ala Phe Asn 

205 210 215 

GTG CCA CTT CGC GTA CGC TCG TCT TAT AGC AAT GAT CCC GGC ACT TTG 
Val Pro Leu Arg Val Arg Ser Ser Tyr Ser Asn Asp Pro Gly Thr Leu 
220 225 230 235 
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ATT GCC CGC TCT ATG GAG GAT ATT CCT GTG GAA GAA GCA GTC CTT ACC 
lie Ala Gly Ser Met Glu Asp He Pro Val Glu Clu Ala Val Leu Thr 



240 



245 



250 



CCT GTC OCA ACC GAC AAG TCC GAA GCC AAA GTA ACC GTT CTG GGT ATT 
Gly Val Ala Thr Asp Lys Ser Glu Ala Lys Val Thr Val Leu Gly He 



255 



260 



265 



TCC GAT AAG CCA GGC GAG GCT GCG AAG GTT TTC CGT GOG TTG GCT GAT 
Ser Asp Lys Pro Gly Glu Ala Ala Lys Val Phe Arg Ala Leu Ala Asp 



270 



275 



280 



GCA GAA ATC AAC ATT GAC ATG GTT CTC CAG A AC GTC TCC TCT GTG CAA 
Ala Glu lie Asn lie Asp Met Val Leu Gin Asn Val Ser Ser Val Glu 



285 



290 



295 



GAC GGC ACC ACC GAC ATC ACG TTC ACC TCC CCT CGC TCT GAC GGA CGC 
Asp Gly Tbr Thr Asp lie Thr Phe Thr Cys Pro Arg Ser Asp Gly Arg 



300 



305 



310 



315 



CGT GCG ATG GAG ATC TTG AAC AAG CTT CAG GTT CAG GGC AAC TGG ACC 
Arg Ala let Glu lie Leu Lys Lys Leu Gin Val Gin Gly Asn Trp Thr 



320 



325 



330 



AAT GTC CTT TAC GAC GAC CAG GTC GGC AAA GTC TCC CTC GTG GGT GCG 
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Asn Val Leu Tyr Asp Asp Gin Val Gly Lys Val Ser Leu Val Gly Ala 



335 



340 



345 



GGC ATG AAG TCT CAC CCA GGT GTT ACC GCA GAG TTC ATG GAA GCT CTG 
Gly Met Lys Ser His Pro Gly Val Thr Ala Glu Phe Bet Clu Ala Leu 



350 



355 



360 



CGC CAT GTC AAC GTG AAC ATC GAA TTC ATT TCC ACC TCT GAG ATC CGC 
Arg Asp Val Asn Val Asn He Glu Leu lie Ser Thr Ser Glu He Arg 



365 



370 



375 



ATT TCC GTG CTG ATC CGT GAA GAT GAT CTG GAT GCT GCT GCA CGT CCA 
He Ser Val Leu lie Arg Glu Asp Asp Leu Asp Ala Ala Ala Arg Ala 



380 



385 



390 



400 



CTG CAT GAG CAG TTC CAG CTG GGC GGC GAA GAC GAA GCC GTC GTT TAT 
Leu His Clu Gin Phe Gin Leu Cly Gly Glu Asp Glu Ala Val Val Tyr 



405 



410 



415 



GCA GGC ACC GGA CGC 



Ala Gly Thr Gly Arg 



420 
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